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ABSTRACT

This experimental study was carried out to anatiiseeffects of process parameters
on mechanical properties in Gas metal arc welddd steel. GMAW process is one
of the most efficient process for welding metalse lIAluminum, low carbon steels,
stainless steels etc which find great use in imésst Due to its versatility it has
always been the centre of focus for researchersirahgstrialists. There are many
process parameters which affect mechanical pr@gseend bead geometry such as
welding current(wire feed rate), polarity, arc agjée ,travel speed electrode extension
shielding gas etc. Out of these wire feed ratevaliage and speed were chosen for
studying their effect on mechanical properties sashultimate tensile strength, yield
strength, percent elongation ,notch tensile streagid impact strength. It was found
that with increase in arc voltage and wire feec r@nsile and impact properties
decreases while when speed increases the tendilienpact properties also increases.
It was also observed that ultimate notch tensilengfth of welded metal was found
greater than their corresponding ultimate tensilength clearly stating that the
specimens belong to notch ductile category. It alas found that the notch strength
ratio of the base metal was more than all the wk#ecimen.

Full factorial technique was used to formulate éxperimental layout and to analyse
the effects of process parameters on the mechapicgerties of mild steel.
Regression technique was used to formulate matheahatnodel .The models
developed have been checked for their adequacigndicance by using ANOVA
technique and t-test. Main and interaction effe¢the process variables on responses
are presented in graphical form.

Keywords:- Gas Metal Arc Welding (GMAW), mild steel, Fulidtorial technique.
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CHAPTER -1
INTRODUCTION

1.1 Introduction

In order to fabricate structures and machine paetsling is required GMAW, was
first used in the USA in the mid 1940s. Since theady days the process has found
extensive use in a wide range of industries frooraotive manufacture to cross-
country pipelines. It is an arc welding process tises a continuously fed wire both
as electrode and as filler metal, the arc and télel wool being protected by an inert
gas shield. It offers the advantages of high wejdipeeds, smaller heat affected zones
than TIG welding, excellent oxide film removal duiwelding and an all positional
welding capability. For these reasons MIG weldiaghe most widely used manual
arc welding process for the joining of aluminiuratelr it was used to weld almost all
the metals except a few. Mild steel is one of tlesineasiest weldable material in this
project work has been done on mild steel.

Mild steel consists of iron alloyed with less th&aB8 percent carbon, most commonly
between 0.1 to 0.25 percent. The building industeguently uses mild steel in
construction because of its ductility and mallaabilMild steel is a type of steel that
contains only a small amount of carbon and othemehts. It is softer and can be
shaped more easily than higher carbon steelssdt bénds a long way instead of
breaking because it is ductile. It is used in nafld some types of wire, it can be used
to make bottle openers, chairs, staplers, stap#éngs and most common metal
products. Its name comes from the fact it onlylieas carbon than stedlhe brackets
that hold up a shelf are made from mild steel. hassis and body panels of most
cars are mild steel.

There is literally millions of uses for it. It cdve cut, drilled, machined, threaded or
tapped, rolled, formed, bent, welded, forged in@uid, folded (to form a weapon or
tool), pressed, stamped, spun into wire or cabbgmatised and the list goes on. So it
has always been centre of focus for the researdiseunderstand the mechanical

properties of mild steel after welding as most ofly parts of cars are attached to



chassis which is of mild steel. Not only in autont®industry but also in construction
and power plant industry mild steel finds a gressge.

1.2 Motivation and Objective:-

The motivation was provided by the desire to expltne frontiers of welding
technology, which forms the backbone of manufantyriindustries. Several
researchers have attempted to investigate theteféwarious process parameters on
responses in GMAW

The objective of this project was to study the GMAMbcess in its totality and to
explore the potential of controlling the processasdo get desired outputs by simply
manipulating the input process variables. To be ablsuccessfully use a process in
industry it is imperative that we have a robust w@ycontrolling the outputs as per
our needs. The main objective of this project wasunderstand the influence of
process variables such as Arc Voltage, wire fedd esmd Travel Speed on the
mechanical properties such as ultimate tensilengthe impact strength, notch tensile
strength etc and to quantify the relationships uglodevelopment of mathematical
models co-relating the two. Further these modelsevanalysed by ANOVA and

significance is tested by t test.

1.3 Statement of problem

“Effect of process parameters on mechanical pperties in GMAW”.

The project describes the effects of arc voltagee iéed rate and speed of
weld on tensile strength, notch tensile strengtipact strength , yield strength and %
elongation of GMAW welded mild steel. Mathematicabdels were developed for
predicting tensile strength, notch tensile strepngtipact strength , yield strength and

% elongation using full factorial technique.

1.4 Plan of Investigation

The research work was planned to be carried olallimwing steps:

1. Identification of important process control \adies.

2



2. Deciding the working range of the process cdntaniables, viz. Arc Voltage (V),
wire feed rate(W), & Travel Speed (S).

3. Developing the design matrix.

4. Conducting the experiments as per the designxnat

5. Recording the responses viz. tensile strengttchrtensile strength, impact strength
yield strength and % elongation.

6. Developing the mathematical models.

7. Checking the adequacy of the models.

8. Finding the significance of co-efficient.

9. Developing the final proposed models.

10. Plotting of graphs and drawing conclusions.

11. Discussion of the results.



CHAPTER-2
LITERATURE REVIEW

2.lintroduction

Welding is a fabrication process that joins two algetor non-metals by producing
coalescence between them. This is generally adhibyeheating the specimen up to
their melting temperature with or without the adwtof filler materials, to form a
pool of molten metal that cool and solidifies tacbe a strong joints.

The mechanical properties of the weld joint hasaglvbeen the centre of attraction
for researchers and scholars. A lot of work has lwEme in this field to test the effect
of process parameters such as welding currentagmltnozzle to plate distance,
welding speed, welding angle and gas flow rate ardmess, tensile, fatigue and
impact strength. The following literature reviewsakas an attempt to provide an

insight in to the above mentioned area.
2.2 Literature Review

A.K.Lakshminarayan et al[1] analysed the effect of autogenous arc weldinggs®
on tensile and impact properties of ferritic stegd steel. Out of the three welding
techniques used i.e constant current tungsten aldivg(CCGTAW), pulsed current
gas tungsten gas arc welding(PCGTAW) and plasmavatding(PAW) ,the joints
fabricated by PAW exhibit higher tensile strengthpact strength and high fusion
zone hardnesf the three welded joints. the joints fabricated RAW exhibited
higher impact toughness values and the enhancememnpact toughness was
approximately 25% when compared with CCGTAW joiraisgd 50% when compared
with PCGTAW joints

Hardeep Singh et al[2]analysed the effect of tensile strength in eledric process
and optimized the effects of welding current andetion tensile strength. They
concluded that Time is the most significant fadtean current for Tensile Strength

response .It is interesting to note that Tensiter&fth displaying an increasing trend



with an increase in time & current parameters. fiaximum Tensile Strength current

is to set at max. Level .

Izzatul Aini lbrahim et al[3] studied the Effect of Gas Metal Arc Welding (GMAW)
processes on different welding parameters. In ¢higly, the effects of different
parameters on welding penetration, microstructamal hardness measurement in mild
steel that having the 6mm thickness of base metaising the robotic gas metal arc
welding are investigated. The variables that chaoséhis study are arc voltage,
welding current and welding speed. The value oftlued penetration increased by
increasing the value of welding current 90, 150 2h@ A. Welding current is factor
that will determine the penetration. Penetratiosoahfluence by the factors from
welding speed and arc voltage. At the welding sp@@c/min, the good value for
penetration happened is 26 V at 210 A.

Mitsuhiro Okayasu et al[4] studied mechanical properties of SPCC low carbeel st
joints prepared by metal inert gas welding To baitelerstand the fatigue and tensile
properties of SPCC steels welded by metal inert gatding, the mechanical
properties of the welded component in several inedlregions, e.g., weld metal, heat
affected zone (HAZ) and base metal, were investjaiThe tensile and fatigue
properties of the weld metals were high comparethéoother areas (base metal and
HAZ) due to the precipitated Ti containing oxideclusions in acicular ferrite
(bainite). The mechanical properties of the welcthgla were further investigated
using test specimens that included all regions, weld metal, HAZ and base metal
(BHW). The tensile and fatigue properties of theVBldample were found to be lower
than those in all other regions, which was infllshby the high internal stress. The
mechanical properties were analyzed using microtral and crystal characteristics,

as examined by TEM and EBSD analysis.

Durgutlu et al[5] In this study, the effect of hydrogen in argon halsling gas was
investigated for tungsten inert gas welding of 3l1&lstenitic stainless steel.The
microstructure, penetration and mechanical progerivere examined. Pure argon,
1.5% H2-Ar and 5% H2-Ar were used as shielding d@as. the basis of the

mechanical properties and microstructural expertaiestudies accomplished and the



results obtained on the effect of hydrogen in thielding gas on the TIG welding
processes of 316L austenitic stainless steel th@mMng conclusions may be drawn
that For tensile strength, the best result is abthifrom 1.5%H2—-Ar as gas shielding.
Cracks, tearing and surface defection were not natked eye observed after bending
the samples welded under all three shielding méaaall shielding media, hardness
of weld metal is lower than that of the HAZ and déasetal. Penetration profile
examinations for all three different shielding gas@ow that penetration depth and

weld bead width increases with increasing hydrogmrtent.

S.K.Nath et al[6] from iitr studied Fracture toughness of medium oarbteel (0.5%
C) has been determined by round notched tensileimpa. Two notch diameters
(5.6mm and 4.2mm) and three notch angtgsn@mely 450, 600 and 750 have been
used to observe the effect of notch diameters atchrangle on fracture toughness of
the steel. By heat treatment the microstructurthefsteel is also varied and its effect
on the fracture toughness is also observed. Ibbas found that fine grained structure
improves fracture toughness. Lower notch diametet higher notch angle show

higher value of K1C.

N.Arivazghan et al[7] This paper reports the work carried out on weldAISI
304 and Monel 400 using Gas Tungsten Arc WeldingA®) technique to examine
the weldability, mechanical and metallurgical pndjes. Investigations have been
carried out on the hot corrosion behavior of thgsats subjected to cyclic air
oxidation and K2S04 + NaCl (60%) molten salt envinent at 600C. A comparative
analysis was carried out on these weldments for different filler metals such as
E309L and ENiCu-7. The oxide scales formed on #gous zones of the weldment
have been characterized systematically using sidaalytical techniques. Weld zone
was found to be more susceptible to degradatiom ltlage metals used. The effect of
filler materials on the hot corrosion is discuss€be studies reported in this paper
would be beneficial for fabricators embracing tiyise of dissimilar weldments in the

petrochemical and power generation industries.

J.P.Ganjigati et al[8] In this paper, an attempt is made to establish tigquiput

relationships in MIG welding process through regi@s analyses carried out both



globally (i.e., one set of response equations Her éntire range of the variables) as
well as cluster-wise. It is important to mentioratthhe second approach makes use of
the entropy-based fuzzy clusters. The investigaifomnased on the data collected
through full-factorial design of experiments. Reswf the above two approaches are
compared and some concluding remarks are made. cluster-wise regression
analysis is found to perform a slightly better titha global approach in predicting

weld bead-geometric parameters.

D.W.Chao et al [9] This study performed three-dimensional transiemtnerical
simulations using the volume of fluid method in @asgnetal arc V-groove welding
process with and without root gap for flat, ovedheand vertical welding positions.
The elliptically symmetric arc models for arc h#lak, electromagnetic force and arc
pressure were used to describe the more accuraleermpool behaviours. The
numerical models not only formed a stable weld Haatdalso simulated the dynamic
molten pool behaviours such as overflow which waisdescribed before. This study
analyzed these molten pool flow patterns for vagiaelding positions and validated
the numerical models used by comparing the sinaragsults with

experimental ones.

Remus Boboesclet al[10] Laser welding using Nd: YAG laser with continuous
emission is applied for a low alloyed steel. Thedgt pursued molten areas
characteristics in the material. On the weld cresstion was measured weld width,
weld depth and the weld molten zone. Their vamatdas analyzed with power and
welding speed. A full factorial experimental desigas applied for two particular
values of the distance between focal plane andwihikpiece surface (defocusing
depth). It presents mathematical models, the rgn&ifects by Pareto charts, response
surface method and the multiple ANOVA analysis afiance. It showed the main

effect of laser power in determining the weld cleteastics

Danut lordachescu et al[11]This paper is reviewing the metal transfer accaydm

the progress made in the welding sources and tggbsidevelopment. It critically
analysis the actual classification of the metaidfar in GMA welding, describing the
relevant phenomenon and proposing improvementsake the understanding and
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the work easier in the field of arc welding. Bastmcepts are overviewed and defined
or re-defined: fundamental transfer modes, natwsalcontrolled transfer mode,
variantsvs. variances, mixedss. combined modes, drop spray transfer. The new
classification is simpler, without loosing the logiof numbering, both from
fundamental point of view (the physics of the tfansand the technological one (the
increasing of the values of the welding parameters)

Ceyhan Yildiz et al[12] highlighted the effects of various welding paraengton
welding penetration in Erdemir 6842 steel havirgrdm thickness welded by robotic
gas metal arc welding were investigated. The wegldunrent, arc voltage and welding
speed were chosen as variable parameters. Thesdejpfienetration were measured
for each specimen after the welding operationsthacdeffects of these parameters on
penetration were researched. The welding curreate whosen as 95, 105, 115 A, arc
voltages were chosen as 22, 24, and 26 V and tllingespeeds were chosen as 40,
60 and 80 cm/min for all experiments. As a restilthis study, it was obvious that
increasing welding current increased the deptheofefration. In addition, arc voltage
is another parameter in incrimination of penetratiBlowever, its effect is not as

much as current. The highest penetration was obdenv60 cm/min welding speed.

B.Y. Kanga et al[13] from korea institute of technology elaborates oiscite
alternate supply of shielding gas which is a neghmelogy that alternately supplies
the different kinds of shielding gases in weld zofAs the new developed methods
compared to the previous general welding with aimgixsupply of shielding gas, it
cannot only increase the welding quality, but alstuce the energy by 20% and the
emission rate of fume. As a result, under the sariding conditions, compared with
the welding by supplying pure argon, argon + 67%uhe mixture by conventional
method and the welding by supplying alternatelyepargon and pure helium by
alternate method showed the increased welding spHeel alternate method with
argon and helium compared with the conventionahoas of pure argon and argon +

67% helium mixture produced the lowest degree déliwg distortion.

Eiji Akiyama et al[14] studiedthe quantitative relationship between notch tensile
strength and diffusible hydrogen content for th&lA4135 steel at 1320MPa. The
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notch tensile strength was obtained by means oflow strain rate test on
circumferentially notched round bar specimens vetitess concentration factors of
2.1, 3.3 and 4.9 after hydrogen charging, and itfiesible hydrogen content was then
measured by thermal desorption spectrometry amsaly$ie diffusible hydrogen has
been found to decrease the notch tensile stremgth power law manner, and the
decrease is more prominent at a higher stress otvatien factor. The notch root
have shown that the local fracture stress decreagbsincreasing local hydrogen
concentration as the diffusible hydrogen content stress concentration factor

increases, resulting in the decrease in the netasile strength

Olivera Popovic et al[15]according to thenthe welding heat input has a great
influence on the weldments properties. This pagscdbed the influence of welding
heat input on the weld metal toughness of highaaxieel surface welded joint. The
steel is surfaced with self-shielded wire, withethdifferent heat inputs (6.5; 10.5 and
16 kJ/cm). Total impact energy, as well as cradkaiion and crack propagation
energies, are estimate at three testing tempesatlirbas been established that with
heat input increase toughness decreases and thtainpat of 7 kJ/cm is optimal for
weld metal toughness of investigated steel. Cradfation energy is higher than
crack propagation energy at all testing temperature

Wang Juan et al[16]studied the effect of heat input on impact tougisneThey used

the super-high strength steel which has very highngth (UTS > 1200 MPa).the
super high strength of the weld in heat affectedezavas carried out by using
Scanning electron microscope (SEM),Transmissioct@e microscope(TEM) and

electron diffraction technique. Test results intkdathat the structure of HAZ of
HQ130 steel was mainly lath martensite (ML), in ehithere were a lot of

dislocations in the sub-structure inside ML latie tislocation density was about (3-
9) 10M12/cm2. No obvious twin was observed in th&ZHunder the condition of

normal weld heat input. By controlling weld heapum E < 20 kJ/cm), the impact

toughness in the HAZ can be assured.

V.Balausamy et al[17] studied the effect of process parameters on mecdlani

properties of friction stir welding using full famial . The Analysis of variance is



employed to investigate the effect of input pararseion mechanical properties of
weld a co-relation was established between toaltimt speed and weld speed with
mechanical properties multiple linear regressidms Btudy indicates that weld speed
is the main input parameters that has the higstasistical influence on mechanical

properties.

H.R. Ghazvinlooet al[18] studied the effect of variables on fatigue lifelampact
propertiesThe effect of processing variables on fatigue, lifiepact energy and bead
penetration of AA6061 joints produced by MIG rolsatielding process was analyzed
in the present study. Different samples were obthiny employing arc voltages of
20, 23 and 26 V, welding currents of 110, 130 abd A, welding speeds of 50, 60
and 70 cm/min. Results were clearly illustrateat thhen heat input increases, fatigue
life of weld metal decreases whereas impact enefgyeld metal increases in first
and then drops significantly. A linear increasal@pth of penetration with increasing
welding current and arc voltage was also obser¥ée. biggest penetration in this

investigation was observed for 60 cm/min weldingesh

Mersida Manjgo et al[19] studied the behavior of the plates with a surfactch
under tensile external loading and experimentalig numerically analyzed it. The
specimens were made of micro-alloyed steel NIOMOQ K, welded by MAG (CQ)
welding method. Surface notches were machined éyspiark erosion method in the
weld metal and heat affected zone. A finite elemamalysis of the specimens
subjected to the tensile external loading is pertat, with a simplified treatment of
the heat affected zone mechanical properties. @ddaiesults are compared with the
results of the experimental investigation, and #sfeatory agreement for the

specimens containing the weld metal notch is oleserv

Yupiter Hp Maurung et al[20] in this paper investigated the correlation between
welding parameters and bead geometry of 3F filentjwelded by GMAW in
downhill position. The consumable is ER70S-6 1.2iswhd wire and shielded by
Carbon Dioxide. Articulated welding robot perforthe welding of 6mm carbon steel
T-joint coupons. The welding parameters are artagel, welding current and welding

speed, while the wire extension is set at conghdBmm. The experimental results
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are tabulated; the correlations between the beadhgey and welding parameter are
displayed graphically. Mathematical formulas aredleped to match the graphical
profiles. A calculator is developed to display tredues of weld bead geometry for
any value of welding parameter and vice versa.déwation between predicted weld
bead geometry and actual experimental record stlemn 1.0mm, it is validated as

accurate

Koray Kokemli et al[21] studied the effect of atmosphere in GMAW process.
Therefore, a controlled atmosphere cabinet wasldesé for GMAW process. Low
carbon steel combinations were welded with clabsig&IAW process in argon
atmosphere as well as controlled atmosphere calligetising similar welding
parameters. The mechanical and metallurgical ptiggeof both weldments were
evaluated. Result shows that toughness of the welthl that was obtained in the
controlled atmosphere cabinet much higher thandhalassical GMAW process. The
metallographic examination also clarified that thess not any gas porosity and

inclusion in the weld metal compared with classpralcess

P. Yayla et al[22] in this study used different welding techniquesevaluate the
mechanical performance of weldments of HY-80 sté&dldments are prepared using
different welding processes such as shielded metaledding, gas metal arc welding,
and submerged metal arc. The objective was to meter the optimum welding
method for the steel. After welding, théfexts of welding methods on weld metal
microstructure and mechanical properties includivejd metal tensile strength and
Charpy V-notch impact toughness over the temperatange -20C to 20C are
investigated. Charpy impact and tensile tests adopned on standard notched
specimens obtained from the welded and main sectbthe material. The hardness
distribution measurements on théfeliently welded specimens are conducted in order
to gain a deep insight of ferent welding methodsThe present work has revealed
that with the optimum welding parameters the HY&&lscould be weldedfectively

with the utilised welding methods without any poald heat treatment.

Sunil pandey et al[23] studied the effect of welding parameters on Maegan

silicon, carbon and chromium content of the weldahanathematical models were

11



developed and then tested by analysis of variaecentque(ANOVA), which were
found adequate with in the selected range of wglgerameters. It was observed that
the welding parameters and basicity index affe¢bkedMn,Si and C content of the
weld metal. Cr content of the weld metal was inficed by the basicity index of the

flux used.

S.P.Teewari et al[24} Studied the effect of various welding parametens the

weldability of Mild Steel specimens having dimems®0mmx 40mmx 6 mm welded
by metal arc welding were investigated. The weldoogrent, arc voltage, welding
speed, heat input rate are chosen as welding ptgendhe depth of penetrations
were measured for each specimen after the weldiegation on closed butt joint and
the effects of welding speed and heat input ratarpaters on depth of penetration

were investigated

2.3Summary:-In this chapter different research papers pubtishehe journals of
international repute were studied and the end tesdldifferent experiments carried
out by the researchers around the world were wmridter the review of these papers
it was decided to study the effects of processmaters on the mechanical behaviour
in GMAW. The literature review gives a detailedolriedge about how experiments
should be designed, performed and how to genemtalyse and validate the

mathematical models.
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CHAPTER -3
GAS METAL ARC WELDING

3.1 Introduction

Gas metal arc welding (GMAYVsometimes referred to by its subtypes metal igest
(MIG) welding or metal active gas (MAG) welding,aswelding process in which an
electric arc forms between a consumable wire eldetand the workpiece metal(s),
which heats the workpiece metal(s), causing theirmédi, and join. Along with the
wire electrode, a shielding gas feeds through tleédivwg gun, which shields the
process from contaminants in the air. The procasse semi-automatic or automatic.
A constant voltage, direct current power soura@a@st commonly used with GMAW,
but constant current systems, as well as altempatinrent, can be used. There are
four primary methods of metal transfer in GMAW, ledl globular, short-circuiting,
spray, and pulsed-spray, each of which has distimoperties and corresponding
advantages and limitations.

Originally developed for weldingluminum and other non-ferrous materials in the
1940s, GMAW was soon applied d#eels because it provided faster welding time
compared to other welding processes. Today, GMAWasmost common industrial
welding process, preferred for its versatility, sppeand the relative ease of adapting
the process to robotic automatioGMAW overcomes the restriction of limited
electrode length Welding can be done in all positions. Depositiotesaare
significantly higher Because the wire feed is continuous, long weldsbeadeposited
without stops and startsinimal post weld cleaning is required due to theence of

a heavy slag. Due to these properties gas metalvalding is in high demand in
industries. [25,26]

3.2Principle of Operation

The GMAW process incorporates the automatic feeding continuous, consumable
electrode that is shielded by an externally suppgas After initial settings by the
operator, the equipment provides for automatic-regjilation of the electrical
characteristics of the arc. Therefore, the only ma&ontrols required by the welder

for semiautomatic operation are the travel speatdarection, and gun positioning.
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However in this project travel speed was also -automaticaly controlle The
process is illustrated in fi3.1

Sclid wire
electrode

—- Shielding gas
Current conductor /

Trawvel
o~ Wire guide and
7 contact  tube

Mozzle = — Solidified

weld metal

Shielding gas e

Arc —'Li ™

Molten  weld
metal

FIG 3.1:- Gas metal arc welding process[27]

Given proper equipment and settings, the arc leagththe current (wire feed spe:
are automaticallynaintained, Equipment required for GMAW is showrFigure3.2
The gun guides the consumable electrode and candhet electrical current ar
shielding gas to the work, thus providing the egdmestablish and maintain the
and melt the electrocas well as the needed protection from the ambigenbspher.
Two combinations of electrode feed units and posugaplies are used to achieve
desirable selfegulation of arc length. Most commonly this regola consists of
constantpotential (voltge) power supply (characteristically providing asentially
flat voltampere curve) in conjunction with a comd-speed eletrode feed unit.
Alternativelya constar-current Power supply provides a drooping -ampere curve,
and the electrode feed uniis arcvoltage controlled. With the conste
potential/constant wire feed combination, changebeé torch position cause a chal
in the welding current that exactly matches thengleain the electrode sti-out
(electrode extension), thus the arc lel remains fixed, For example, an increa
stick-out produced by withdrawing the torch reduces theemt output from th
power supply, thereby maintaining the same resistiieating of the electro
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Fig 3.2- Gas metal arc welding equipment[26]

In the alternative system, self-regulation reswiteen arc voltage fluctuations readjust
the control circuits of the feeder, which approfaiya changes the wire feed speed. In
some cases (welding aluminum, for example), it rnaypreferable to deviate from
these standard combinations and couple a constam@nt power source with a
constant- speed electrode feed unit. This comlangirovides only a small degree of
automatic self-regulation, and

therefore requires more operator skill in semiawtenwelding. However, some users
think this combination affords a range of contrekothe arc energy (current) that
may be important in coping with the high thermahdoctivity of aluminum base
metals.

3.3 GMAW welding equipments :-

3.3.1 Power sourcePower sources incorporate output characteristicigded to
optimize the arc performance for a given weldingcess. For GMAW, the output
characteristics fall into two main categories:

* constant current

* constant voltage.
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Out of these two the constant voltage type is gdlyeused as it helps in maintaining
a constant arc length with help of automatic weeder. The figure 3.3 shows the

unaffected arc length even when stick out lengtrarged.

Gun
Gun
b CTWD
_I'— gfwﬁamm: l 1" (25mmi)
Are Langth / \ l Arc Langth / \. l

t S %

Fig 3.3:- Unaffected arc length with lkmnge in CTWDJ[28]

3.3.2The wire feeder:-The wire feeder is a device that feeds the eleetrode.
While the power source controls the voltage outputieasing or decreasing the wire
feed speed (WFS)n the wire feeder increases or decreases thengetahperage. It

is one of the most important part of gas metalWaltling process.

Fig 3.4:- The wire feeder (two roll drive system9]
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3.3.3 The welding gun:-The typical GMAW welding gun has a number of key
parts—a control switch, a contact tip, a power eald gas nozzle, an electrode
conduit and liner, and a gas hose. The controlckwitr trigger, when pressed by the
operator, initiates the wire feed, electric poveard the shielding gas flow, causing an
electric arc to be struck. The contact tip, norshallade of copper and sometimes
chemically treated to reduce spatter, is connetctele welding power source through
the power cable and transmits the electrical enayghe electrode while directing it

to the weld area.

3 o 8
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# . | dn ey f
2 10 VA
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1 NOZZLE & FLEXIELE BARREL 12 BINDER SCREWS FOR HANDLE
2 CONTALT TIP 7 SEPARATOR 13 CLAMP-HANDLE 5
8 GAS DIFFUSER B 1/2-20 BALL POINT SCREWS 14 SWITCH CONTAGTS (2 EAL W/SCREWS)
4 CONDLIOTOR TUBE § CABLE CONNECTOR BLOCK ASSEMBLY 15 TRIGGER SWITCH ASSEMBLY
4A CONDLICTOR TUBE 180° 10 HAKGER 16 SPRING STRAIN RELIEF FOR HANDLE
B NIPPLT 11 MANDLE W/ BINDER SCREWS AT REPLACEMENT CAGLE ASSEMBLY

Fig 3.5:- Explodedew of GMAW torch[30].

3.3.4Electrode:- Electrode is most important part of GMAW weldingopess. Its
selection is based primarily on the compositiothef metal being welded, the process
variation being used, joint design and the matewiaface conditions.. In general the
weld metal should have mechanical properties sinidathose of the base material
with no defects such as discontinuities, entraic@staminants or porosity within the
weld. All commercially available electrodes contadeoxidizing metals such
as silicon, manganese, titanium and aluminum inllspercentages to help prevent
oxygen porosity. Some contain denitriding metalshsas titanium and zirconium to
avoid nitrogen porosity. Depending on the procemsation and base material being
welded the diameters of the electrodes used in GMpitally range from 0.7 to
2.4 mm (0.028-0.095 in) but can be as large as 40nb6 in).
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3.4.5Shielding gas:-Shielding gases are necessary for gas metal ardingeto
protect the welding area from atmospheric gasel aaaitrogen and oxygen, which
can cause fusion defects, porosity, and weld matabrittlement if they come in
contact with the electrode, the arc, or the weldimggal. This problem is common to
all arc welding processes; for example, in the wol8bkielded-Metal Arc Welding
process (SMAW), the electrode is coated with adsiilix which evolves a protective
cloud of carbon dioxide when melted by the arcGMAW, however, the electrode
wire does not have a flux coating, and a separagdding gas is employed to protect
the weld.The choice of a shielding gas depends on severtdri&a most importantly
the type of material being welded and the procesgtion being used. Pure inert
gases such as argon and helium are only used fdemous welding; with steel they
do not provide adequate weld penetration (argon)cawse an erratic arc and
encourage spatter (with helium). Pure carbon dmxah the other hand, allows for
deep penetration welds but encourages oxide foomawhich adversely affect the

mechanical properties of the weld.[12] Its low cmstkes it an attractive choice.

o

h 4

Argon Argon - Helium Helium COq

4\ /:ab\ /is\ A:A

Fig:-3.6 Bead contour and penetration patterns for various Bielding gases[25]

3.3.6 Flow meters There are many types of shielding gases whiehuged in gas
metal arc welding ,the properties of the weld (sastpenetration, bead width height
and reinforcement height) depend not only on tipe tyf shielding gas but also on the

flow rate of the gas.
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Fig’'S Flow meters[27]

3.4 Modes of metal transfer[34]:-the characteristics of GMAW process are

best describenh terms of the three basic means by which met@hissferred from the

electrode to the work. These are ;-

3.4.1 Globular transfer
GMAW with globular metal transfer is considered tle@st desirable of the three

major GMAW variations, because of its tendency todpce high heat, a poor weld
surface, and spatter. The method was originallyelbgped as a cost efficient way to
weld steel using GMAW, because this variation wsabon dioxide, a less expensive
shielding gas than argon. Adding to its economicaathge was its high deposition
rate, allowing welding speeds of up to 110 mm/D(@3min). As the weld is made, a
ball of molten metal from the electrode tends tddoup on the end of the electrode,
often in irregular shapes with a larger diametemtthe electrode itself. When the
droplet finally detaches either by gravity or shartuiting, it falls to the workpiece,

leaving an uneven surface and often causing spatter
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Fig 3.8:- Globular transfer[42]

As a result of the large molten droplet, the precessgenerally limited to flat and
horizontal welding positions. The high amount o&thgenerated also is a downside,
because it forces the welder to use a larger el@etwire, increases the size of the

weld pool, and causes greater residual stressedistodtion in the weld area.

3.4.2 Short-circuiting transfer
Further developments in welding steel with GMAW ted variation known as short-

circuit transfer (SCT) or short-arc GMAW, in whitie current is lower than for the

globular method. As a result of the lower currghe heat input for the short-arc
variation is considerably reduced, making it pdsstb weld thinner materials while

decreasing the amount of distortion and residuatstin the weld area. As in globular
welding, molten droplets form on the tip of theottede, but instead of dropping to
the weld pool, they bridge the gap between thetrelde and the weld pool as a result
of the lower wire feed rate. This causes a shocuitiand extinguishes the arc, but it
is quickly reignited after the surface tensiontod tweld pool pulls the molten metal
bead off the electrode tip(as shown in fig 3.9).
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Fig 3.9:- short circuit transfer[42]

This process is repeated about 100 times per secwgking the arc appear constant
to the human eye. This type of metal transfer plesibetter weld quality and less
spatter than the globular variation, and allowsvietding in all positions, albeit with
slower deposition of weld material. Setting the dvptocess parameters (volts, amps
and wire feed rate) within a relatively narrow basctritical to maintaining a stable
arc: generally between 100 to 200 amperes at 12Z2twolts for most applications.
Also, using short-arc transfer can result in lack fasion and insufficient
penetration when welding thicker materials, dueht® lower arc energy and rapidly

freezing weld pool. Like the globular variationcén only be used on ferrous metals

3.4.3 Spray transfer
Spray transfer GMAW was the first metal transfethod used in GMAW, and well-

suited to welding aluminum and stainless steelevrhploying an inert shielding gas.
In this GMAW process, the weld electrode metalapidly passed along the stable
electric arc from the electrode to the workpiecgseatially eliminating spatter and
resulting in a high-quality weld finish. As the cemt and voltage increases beyond the
range of short circuit transfer the weld electroaetal transfer transitions from larger
globules through small droplets to a vaporizedastreat the highest energies. Since
this vaporized spray transfer variation of the GMAMéId process requires higher
voltage and current than short circuit transfed aa a result of the higher heat input
and larger weld pool area (for a given weld elatgrdiameter), it is generally used
only on workpieces of thicknesses above about 64(25 in). Also, because of the

large weld pool, it is often limited to flat and rimontal welding positions and
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sometimes also used for vertical-down welds. §daerally not practical for root pass
welds.When a smaller electrode is used in conjanctith lower heat input, its
versatility increases. The maximum deposition fatespray arc GMAW is relatively
high about 60 mm/s (150 in/min)
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Fig 3.10:- Area of modes of transfer[42]

3.4.4 Pulsed-spray transfer
A variation of the spray transfer mode, pulse-spsayased on the principles of spray

transfer but uses a pulsing current to melt tHerfivire and allow one small molten

droplet to fall with each pulse. The pulses alldwe taverage current to be lower,
decreasing the overall heat input and thereby dsorg the size of the weld pool and
heat-affected zone while making it possible to w#ith workpieces. The pulse

provides a stable arc and no spatter, since nd-shouiting takes place. This also
makes the process suitable for nearly all metaild, thicker electrode wire can be
used as well. In comparison with short arc GMAWSs tmethod has a somewhat
slower maximum speed (85 mm/s or 200 in/min) amdpttocess also requires that the
shielding gas be primarily argon with a low carbalioxide concentration.

Additionally, it requires a special power sourc@alae of providing current pulses
with a frequency between 30 and 400 pulses pemsedgowever, the method has
gained popularity, since it requires lower heatuinpnd can be used to weld thin

workpieces, as well as nonferrous materials.
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gR3.11:- pulsed spray transfer[42]

3.5 Process variables:the following aresome of the variables that affect weld
penetration, bead geometry ,mechanical propemidaerall weld quality:

1) Welding current (electrode feed speed)

2) Polarity

3) Arc voltage (arc length)

4) Travel speed

5) Electrode extension

6) Electrode orientation (trail or lead angle)

7)Weld joint position

8) Electrode diameter

9) Shielding gas composition and flow rate

Knowledge and control of these variables is esakttticonsistently produce welds of
satisfactory quality. These variables are not cetey independent, and changing
one generally requires changing one or more ofatiers to produce the desired

results.There is no single set of parameters tlrasgptimum results in every case.

3.5.1 Welding Current:-When all other variables are held constant, thedivgl
amperage varies with the electrode feed speed tinmeate in a nonlinear relation.
As the electrode feed speed is varied, the weldingeaage will vary in a like manner

if a constant-voltage power source is used. Thaiomship of welding current to wire
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feed speed for carbon steel electrodes is showfigare 3.12 At the low-current
levels for each electrode size, the curve is ndargar. However, at higher welding
currents, particularly with small diameter elecesdthe curves become nonlinear,
progressively increasing at a higher rate as wegldimperage increases. This is
attributed to resistance heating of the electrodension beyond the contact tube. The
curves can be approximately represented by thetiequa

WFS=al +BLI™

elsewhere

WES = the electrode feed speed, in./min (mm/s)

a = a constant of proportionality for anode or cathbéating. Its magnitude is
dependent

upon polarity, composition, and other factors.

b = constant of proportionality for electrical resiste heating.

L = the electrode extension or stick out.

| = the welding current.

As shown in Figures 3.12, when the diameter of dleetrode is increased (while
maintaining the same electrode feed speed), a higéleling current is required. The
relationship between the electrode feed speedlandelding current is also affected
by the electrode chemical composition. [18]
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Fig 3.12:-Current Vs Wire Feed Speeds for Carbont8el Electrodes[35]
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3.5.2 Polarity:- The term polarity is used to describe the electrical connection ef th
welding gun with relation to the terminals of aedir current power source. When the
gun power lead is connected to the positive terhitme polarity is designated as
direct current electrode positive (DCEP), arbityacalledreverse polarity. When the
gun is connected to the negative terminal, therpiplss designated as direct current
electrode negative (DCEN), originally callsttaight polarity. The vast majority of
GMAW applications use direct current electrode fesi (DCEP). This condition
yields a stable arc, smooth metal transfer, redétivow spatter, good weld bead
characteristics and greatest depth of penetratipa fwide range of welding currents.
Direct current electrode negative (DCEN) is seldmad because axial spray transfer
is not possible without modifications that have Hatle commercial acceptance.
DCEN has a distinct advantage of high melting réttes cannot be exploited because
the transfer is globular. Attempts to use altentaturrent with the GMAW process

have generally been unsuccessful.

3.5.3 Arc Voltage (Arc Length):- These are terms that are often used
interchangeably. It should be pointed out, howetrext they are different even though
they are related. With GMAW, arc length is a catigariable that must be carefully
controlled. For example, in the spray-arc mode \aitlon shielding, an arc that is too
short experiences momentary short circuits. Thaysegressure fluctuations which
pump air into the arc stream, producing porosityeobrittiement due to absorbed
nitrogen. Should the arc be too long, it tends émder, affecting both the penetration
and surface bead profile8. long arc can also disrupt the gas shield, In thee ci#
buried arcs with a carbon dioxide shield, a longrasults in excessive spatter as well
as porosity; if the arc is too short, the electrode s$hort circuits the weld pool,
causing instability. Arc length is the independeatiable. Arc voltage depends on the
arc length as well as many other variables, suckhaselectrode composition and
dimensions, the shield gas, the welding techniouak since it often is measured at the
power supply, even the length of the welding caBle. voltage is an approximate
means of stating the physical arc length in eleatrterms.With all variables held
constant, arc voltage is directly related to angth. Even though the arc length is the
variable of interest and the variable that showtdcbntrolled, the voltage is more
easily monitored.
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3.5.4 Travel speed It is the linear rate at which the arc is mowdng the weld
joint. With all other conditions held constant, @igdenetration is a maximum at an
intermediate travel speed. When the travel speedeisreased, the filler metal
deposition per unit length increases. At very skpgeds the welding arc impinges on
the molten weld pool, rather than the base melereby reducing the effective
penetration. A wide weld bead is also a result.ti#es travel speed is increased, the
thermal energy per unit length of weld transmitiedhe base metal from the arc is at
first increased, because the arc acts more directlghe base metal. With further
increases in travel speed, less thermal energyrpeltength of weld is imparted to the
base metal. Therefore, melting of the base metst iincreases and then decreases
with increasing travel speed. As travel speed eseimsed further, there is a tendency
toward undercutting along the edges of the welddbd@ecause there is insufficient

deposition of filler metal to fill the path melt&y the arc.

3.5.5 Electrode Extension:-

The electrode extension is the distance betweererdeof the contact tube and the
end of the electrode. An increase in the electeodension results in an increase in its
electrical resistance. Resistance heating in tawses the electrode temperature to
rise, and results in a small increase in electio@dting rate. Overall, the increased
electrical resistance produces a greater voltage flom the contact tube to the work.
This is sensed by the power source, which compesdat decreasing the current.
That immediately reduces the electrode melting, redeich then lets the electrode
shorten the physical arc length. Thus, unless tisea®m increase in the voltage at the
welding machine, the filler metal will be depositasl a narrow, high-crowned weld
bead. The desirable electrode extension is gegdraih ¥4 to 1/2 in(6 to 13 mm) for
short circuiting transfer and from 1/2 to 1 in. (tt325 mm) for other types of metal

transfer.

3.5.6 Electrode Orientation :-As with all arc welding processes, the orientation of
the welding electrode with respect to the weldtja@ffects the weld bead shape and
penetration. Electrode orientation affects beadoshand penetration to a greater
extent than arc voltage or travel speed. The @detorientation is described in two

ways: (1) by the relationship of the electramds with respect to the direction of
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travel (the travel angle), and (2) the angle betwbe electrode axis and the adjacent
work surface (work angle). When the electrode oogposite from the direction of
travel, the technique is calleldackhand welding with a drag angle. When the
electrode points in the direction of travel, thehti@que isforehand welding with a
lead angle. The electrode orientation and its effect on thethvhd penetration of the
weld are illustrated in Figures 3.13 (AR), and (C).[18]
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Fig 3.13 :- Effect of electrode position and weldigptechnique[25]
When the electrode is changed from the perpenditola lead angle technique with
all other conditions unchanged, the penetratiomedeses and the weld bead becomes
wider and flatter. Maximum penetration is obtainedhe flat position with the drag
technique, at a drag angle of ab@btdegrees from perpendicular. The drag technique
also produces more convex, narrower bead, a more stable arclessdspatter on the
workpiece. For all positions, the electrode traaefle normally used is a drag angle

in the range of 5 to 15 degrees for good contrdlsrielding of the molten weld pool.
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For some materials, such as aluminum, a lead tquhnis preferred. This lead
technique provides a “cleaning action” ahead of thelten weld metal, which

promotes wetting and reduces base metal oxidation.

3.5.7 Weld Joint Position:Most spray type GMAW is done in the flat or horitain

positions, while at low-energy levels, pulsed ahdrscircuiting GMAW can be used
in all positions. Fillet welds made in the flat gas with spray transfer are usually
more uniform, less likely to have unequal legs &odvex profiles, and are less
susceptible to undercutting than similar fillet delmade in the horizontal position.
To overcome the pull of gravity on the weld metalthe vertical and overhead
positions of welding, small diameter electrodes asaally used, with either short
circuiting metal transfer or spray transfer withlgaa direct current. The low-heat
input allows the molten pool to freeze quickly. Domard welding progression is
usually effective on sheet metal in the verticasipon. When welding is done in the
“flat” position, the inclination of the weld axisithi respect to the horizontal plane will
influence the weld bead shape, penetration, anddspdphill welding affects the

fusion zone contour and the weld surface, as rhistl in Figure3.14.

AN 4[

I D),

(A) DOWNHILL (B) UPHILL

Fig 3.14Effect of Work Inclination on Weld Bead Shape[28]

The force of gravity causes the weld puddle to fleaek and lag behind the electrode.
The edges of the weld lose metal, which flows te tientre. Asthe angle of

inclination increases, reinforcement and penetnatiwrease, and the width of the
weld decreases. The effects are exactly the omposithose produced by downhill
welding. When higher welding currents are used, thaximum usable angle

decreases.

3.5.8 Electrode SizeFhe electrode size (diameter) influences the wedhdb
configuration. A larger electrode requires higher minimum currerantta smaller

electrode for the same metal transfer charactesiskigher currents in turn produce
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additional electrode melting and larger, more flweld deposits. Higher currents also
result in higher deposition rates and greater patneth. However, vertical and
overhead welding are usually done with smaller @@m electrodes and lower

currents.

3.5.9 Shielding gas:The characteristics of the various gases and é#fiect on weld

quality and arc characteristics are discussedtaildearlier in this chapter.

3.6 Welding Defects :Welding defects can greatly affect weld perforneaand
longevity. Having an understanding of the varioegedts, their causes and remedies

can help to ensure higher-quality and longer |lgstvelds.

3.6.1Geometric imperfections[27]:6eometric imperfections refer to certain weld
characteristics such as fit-up and weld bead shapetermined by visual inspection.
They are an indication of poor workmanship and rbaycause for concern if they
exceed the acceptable limits of thquality control code being used for the weld

inspection.

Misalignment:-This type of geometric defect is generally causgdabsetup/fit up
problem, or trying to join plates of different tkitess (see Figure 3.15 a).Overldpe
protrusion of weld metal beyond the weld toe ordvedot. It is caused by poor

welding techniques and can generally be overcomanbynproved weld procedure.

Ur!de.fcuz—..,_‘._
N
(}\t—trla;1_\\‘ b

—

a:-Misalignment b:-Undetting C:- convexity & concavity
Fig 3.15:- Geometric imperfections[27]

Undercutting:- Undercutting is one of the more severe welding asfelt is
essentially an unfilled groove along the edge & theld (see Figure 3.15b). The

causes are usually associated withcorrect electrode angles, incorrect weaving
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technique, excessive current and travgbeed. Undercutting can bavoided with
careful attention to detail during preparation of the weld and by fiaying the
welding process. It can be repaired in most cagesddding up the resultant groove

with a smaller electrode.

Concave and convex welds:-Misshaped welds are causetly a combination of
incorrect electrode current and speed. Excessive concawdtk (bf reinforcement)
results in insufficient throat thickness in redatito the nominated weld size (see
Figure 3.15c).Excessive convexity results in poor weld contoar.rhultilayer welds
this can give rise to slag inclusions, while in the finished weidprovides a poor
stress pattern and cal notch effect at the toe of the weld. They baravoided by
using an appropriate electrode size, current anavivg pattern. Repair by either
filling with further weld material orby grinding back to the base metal on each side
of the weld and re-welding.

3.6.2 Cracking:-Cracks and planar discontinuities are some of thetrdangerous,
especially if they are subject to fatigue loadilogditions. There are several different
types of cracksand none are desired. They must be removed byiggruhck (if
superficial) or repaired by welding. Cracks canuran the weld itself, the base metal,
or the heat affected zone (HAZ) .Longitudinal cackn along thedirection of the
weld and are usuallgaused by a weld metal hardness problem. Thisdfpeacking

is commonly causedby a cooling problem, the elements in the weld icgplat
different rates. Longitudinal cracks can be présdrby welding toward areas of less
constraint, preheating the elements to even outctiwding rates and by using the
correct choice of welding consumables. If cracksagpear they can be repaired by
grinding out or cutting the members apart and r&ing. A transverse crack is a
crack in the base metal beginning at the toe of wkedd. They are caused by
transverse shrinkage stresses, and often indecdmettieness problem in the heat
affected zone. To prevent them it may require ane@se in pre-heating or the use of
a more ductile filler material. Underbead cracke aracks in the unmelted parent
metal of the heat affected zone and can be calgdaydrogen embrittlement (a
process by which various metals become brittle aratk following exposure to

hydrogen). To prevent these cracks use hydrogetrati@a electrodes or preheat the
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elements being welded. These cracks can be redayrgduging out and re-welding,

but can only be found using non destructive testivigT)..

Lamellar tearing:-Lamellar tearing is a type of defect that is makely to occur
below a welded joint at points of high stress com@dion . It is created by non-
metallic inclusions being rolled into the hot platetal during fabrication. These tears
occur when weld metal is deposited on the surfdca wint where there is high
restraint. Special joint design is one way to miaenthis defect but the best
precaution is to specify materials of adequate iyualnd test at the receiving

inspection.

3.6.3 Inclusions:inclusions are generated by extraneous materiah |ag slag,

tungsten, sulfide and oxide inclusions becoming pathe weld. These defects are
often associated with undercut, incomplete penetrand lack of fusion in welds.

Insufficient cleaning between multi-pass welds amcbrrect current and electrode
manipulation can leave slag and unfused sectiammyahe weld joint. Slag inclusions
not only reduce cross sectional area strengtheojdint but may serve as an initiation
point for serious cracking. This defect can only repaired by grinding down or

gouging out and re-welding.

3.6.4 Porosity:Porosity is a collective name describing cavitiepores caused by
gas and non-metallic material entrapment in moitextal during solidification (see
Figure 3.16).

Fig 3.16:- Porosity(left) & spatter(right)[27,42]

There are many causes which include contaminaii@tequate shielding, unstable
arc, arc gap too short and poor welding techniquegeneral. Porosity can be
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minimized in many different ways by the proper seén of electrodes and/or filler
materials, improved welding techniques, more atbento the work area during weld
preparation and a slower speed to allow gassesttirascape. The effects of porosity
on performance depend on quantity, size, alignnmaard,orientation to stresses. When
clustered at the weld’s centre, porosity is notsidered a dangerous fatigue promoter,
or detrimental to fatigue resistance, although aymeduce the static stress carrying

capacity of the weld.

3.6.5 Incomplete fusion/penetration:incomplete fusion or penetration is an internal
planar discontinuity that is difficult to detectcamvaluate, and very dangerous. It
occurs when the weld metal does not form a cohdsorel with the base metal or
when the weld metal does not extend into the bastlnto the required depth,

resulting in insufficient throat thickness

3.6.6 Weld damageHammer marks and arc strik@sc strikes appear as localized
spots of remelted metal. Hammetrikes are small dints or nicks. They are caused b
excessive force when using a chipping hammer, essehandling of the welding
electrode holder and from inadvertent or carelessnaanipulation. They must be
avoided, and any traces removed. These imperfexctian lead to small cracks in the

heat-affected zone of the weld metal and can cagsdised stress concentrations.

3.6.7 Craters:Craters are visually inspectable depressions thdicate improper
weld terminations, usually with the presence ofabdracks. They should be avoided
if possible; the best way to do this is to ensin& torrect welding techniques are

used.

3.6.8 Spatter:Metal drops expelled from the weld that stick toreunding surfaces.
Spatter can be minimized by correcting the weldoanditions and should be
eliminated by grinding when present see fig 3.16.
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3.7USES AND ADVANTAGES:-

The uses of the process are, of course, dictatets laglvantages, the most important
of which are the following:

(1) It is the only consumable electrode process that lba used to weld all
commercial metals and alloys.

(2) GMAW overcomes the restriction of limited electrol@agth encountered with
shielded metal arc welding.

(3) Welding can be done in all positions, a feature foaind in submerged arc
welding.

(4) Deposition rates are significantly higher than thobtained with shielded metal
arc welding.

(5) Welding speeds are higher than those with shiefdethl arc welding because of
the continuous electrode feed and higher fillerahééposition rates.

(6) Because the wire feed is continuous, long weldshmanleposited without stops
and starts.

(7) When spray transfer is used, deeper penetratigpossible than with shielded
metal arc welding, which may permit the use of $enalize fillet welds for equivalent
strengths.

(8) Minimal postweld cleaning is required due to thealte of a heavy slag.

3.8LIMITATIONS:-

As with any welding process, there are certaintations which restrict the use gas
metal arc welding. Some of these are the following:

(1) The welding equipment is more complex, more costhg less portable than that
for SMAW.

(2) GMAW is more difficult touse in hard-to-reach places because the weldingsgun
larger than a shielded metal arc welding holder.

(3) The welding arc must be protected against air sithfit will disperse the shielding
gas. This limits outdoor applications unless priotecshields are placed around the
welding area.

(4) Relatively high levels of radiated heat and arenstty can result in operator

resistance to the process.
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CHAPTER-4
EXPERIMENTAL SETUP

4.1Welding machine[39]:-

Gas metal Arc Welding (GMAW) process was used ttdwiee test specimens. The
welding machine used is PHOENIX 521 (EWM). Tablel 4illustrates the

specification.

Table 4.1:- Welding machine specifications

Parameter

(Adjusting range welding Value

current/voltage)

MIG/MAG
5A/14.3- 520A | 40V

Max. welding current at
20°C ambient temperature:
80%DC 520A

100%DC A50A
40°C ambient temperature:
60%DC 520A

100%DC 420A

Load alternation

Open circuit voltage

6min welding,4min break)

79v




Mains voltage (tolerances)

3x400v(-25%t0+20%)

Frequency 50/60Hz
Mains fuse 3x35a
Max connection power 31.6KVA
Recommended generator readin 42.8KVA
COSWlefficiency .99/89%

Ambient temperature

-10°C to +40°C

Machine/torch cooling Fan/gas
Work piece lead 95mm
Dimensions L/W/H(mm) 1100x455x950
Weight in kgs 109

Wire feed speed

0.5m/min-24m/min

Standard wire feed roller fitting

1mm/1.2mm ( stedle)

WE drive unit

4-roller(37)

Torch connection

Euro -central

Protection classification

IP23

Constructed to standards

IEC60974/EN60974/VDEO54+

EN50199/VDE 0544

=
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PHC NIX 521
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Fig 4.2:- Control panels of phoenix 521expert fae arc MIG/MAG machine.
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4.2 Material Information:- In this experiment mild steel plates of 6 mm
thickness were used to weld with GMAW process wiilter wire(ER70S6)

manufactured by ESAB India Limited . The chemicahysical and mechanical

properties of filler wire and base metal are gitzefow.

Table 4.2:-Chemical composition of mild steel(Base metal)

Element | Fe C Si Mn Cu Ni Cr Others

% 98.78 | .22 .109 331 .16 124 161 115

Table 4.3:- Chemical composition of filler wire

Element | Fe C Si Mn Cu Ni Cr Others

% 98.23 | .11 464 .812 .198 .038 .064 .084

Table 4.4:-Mechanical properties of filler wireER70S6:-

Properties U.T.S Y.S(Mpa) | %Elongation Impact strength(J)
(MPa) izod

Values 480 400 22 27 (at -20C)

Table 4.5:-Mechanical properties of Mild steel (bae metal)

UTS(Mpa) Y.S(Mpa) % Elongation N.T.S(Mpa) Impact
strength(izod)

505.971 441.18 21.789 610 65joules(aE3H

Table 4.6:-Physical properties of mild steel

Melting Density(Kg/m’ Thermal | Electrical Electrical

pt.(C) conductivity | conductivity | Resistivity
(W.mik?) | @tm? (Q.m)

1415 7850 36-54 1176000 1.43510
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4.3 Specially Designed Fixture- In order to weld the two plates of dimensions
80x50x6mni each a fixture was designed . some of its beneéte:-

1). Arrest distortion and twisting of two platesedio heating.

2). Avoid tech welds as plates were fixed firmly .

3) After the welding it was very difficult to gmhthe weld bead on surface grinder so
it was necessary to grind the weld bead and rtrekplates in level.

Mild steel plate of 10mm thickness, 200mm lengtd &0mm width was mounted

on the welding table with the help of C-clamps. @efwelding and grinding all 4

bolts were tightened firmly.

Fig4.3- The fixture

While using this fixture one should keep in mindtttall the bolts are tightened
simultaneously otherwise the plates may get tited to more pressure on specific
ends. One should also keep in mind that weld spatéy get stick to the surface of

plates so spatter must be removed before tightehmgolts.
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4.4 Motor Driven Trolly:- The figure shown below is of motor driven trolty t
which the welding torch is attached and thorouglctvispeed can be regulated. This
trolly can move in both forward and backward dii@t for welding on rails. This is a
separate arrangement from the welding machineomtra nozzle to plate distance
and speed of welding . It has provision to fix wetdtorch not only for GMAW but

also for TIG and other torch assisted welding.

Fig4.4:- Motor DrivenTrolly
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CHAPTER-5
DESIGN OF EXPERIMENT

5.1 Introduction

It is highly essential to design an experiment &iednine the effects of
variable and welding parameter on the various weldesponses on a sound basis
rather than a commonly employed trial and erronsbas conjunction with a small
number of repeat experiments for confirmation uts. Apart from the trial and
error method of investigation the following techugg are commonly employed by

researches.
» Theoretical approach
» Qualitative approach
» Qualitative cum dimensional analysis method

» General quantitative approach
5.2 General Quantitative approach

This method is most commonly used to design theexents for welding research
to predict the effects of welding input parameters the output parameters or
responses. Bases on the result of the factoriaigned experiments, regression
equations are established using the method of le@qsares. The correlation co-
efficient is a number between +1 and -1 with thenmediate value of zero indicating
the absence of correlation but it does not meanvhaations are also independent.
The limiting value of correlation co-efficient iradites perfect positive or negative
correlation. The F-ratio is measure of scattethefdbserved values about a predicted
curve and it lies between zero and infinity. Thegéa the value of F the lesser the
scatter so in general this approach helps in mmirgithe cost and time of testing and
of the same time increase the chance of successeWo this F ratio of calculated
model must be less than the tabulated values anhgiegrees of freedom in order to

be significant .
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It is evident from the comparison of various reskatechniques that the
general quantitative approach is based on a manmedslogic than any other approach
for the generalization of research data. Thus & decided to make the approach, the
basis of designing the experiments. There are wariechniques available from the
statistical theory of experimental design, whicle awvell suited to engineering
investigations. One such technique is a two lewetdrial design for studying the

effects of parameters of responses, and this isvameh is selected for experiments.

5.3 Factorial Design[36,4Q}Factorial design is a standard statistical tool to
investigate the effects of number of parametershenresponse or output parameter.
The most important advantage of this design is thatnumbers of parameters are
simultaneously studies for a more complete insigtd the combined effects of the
parameters on the response. In addition to thatntieeaction between two or more
parameters can also be evaluated which is not lgessiith the conventional
approach. Since in that approach all parametelngr dhan one investigated are held

constant.

The experimental plan is to first choose fixed nembf level for each of the
parameters believed to affect the system underystiitie simplest and most
economical factorial design is to use two levels éach parameter. With each
parameter at two levels, the full factorial desigomsists of 2runs at all possible
combinations of testing condition, where k is thenber of variables. The number of
runs required by a fullFactorial design increases geometrically as kisdased and
the large increase in the number of trials called i6 primarily to provide for
estimates of increasing number of higher orderatttons which most likely do not
exist. Therefore experiments for such estimatesldvba wasted, increasing cost and
time of experimentation. Under such conditions ipossible and advantageous to use
only part of the full factorial design i.e., framtial factorial design. In the fractional
factorial designed experiment, the main effecthaf tactors are mixed (confounded)
with the effects of higher order interactions. ®inthese higher order interaction
effects are assumed to be small and thus neglddezd.only three variables are taken
due to Lab Constraints, since number of variabtedess so full factorial design was
selected. Here number of trial i§ 2 22 = 8, where k= number of controllable

variable.
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5.4 Plan of investigation-Iin order to achieve the desired aim, the invesitms

were planned to be carried out in the followingpste
> Identifying the welding variables.
» Selection of the useful limits of the welding paeders.
» Developing the design matrix.
» Conducting the experiment as per design matrix.
» Development of mathematical models.
» Evaluation of co-efficient of equations.
» Checking adequacy of the models.

» Testing the significance of regression co-efficiantl arriving at the final form
of the mathematical models.

» Presenting the main effects and the significargratdtion between different
parameters in graphical forms.

» Analysis of results and conclusions

5.4.1 Identifying the welding variables:- The welding variables were
identified to develop mathematical models to predidividual and combined effects

of the parameters. The various parameters selectszl

» Arc voltage(v)
> Wire feed rate(w)
» Welding speed (s)

A two level, full factorial design of eight {3 runs was selected and the effects of all

the three variables were investigated simultangomsiultimate tensile strength,yield

strength , % elongation, notch tensile strengthiammhct strength through izod test.
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5.4.2Selection of process parameters and their litsi

The limits of the welding parameters were selectethe basis of excessive trial runs.
The basis of selection of the given range for wasiwelding parameters was that the
resultant weld should have good bead appearanoégormations and be free from the
visual defects. From the trials following obsergas were made:-
1. If wire feed rate (current) (w) < 2.5 m/min incoref@ penetration was
observed. If wire feed rate >3.7m/min overheatingydercuts were

observed.The corresponding current range was 100aig0amp

2. If arc voltage (v) < 21V,and V> 25 volts too muoh weld spatter was
observed and bead appearence was also not goodaBeadecame flatter on

increasing voltage .

3. If welding speed(S) was too low i.e S < 26cm/nfie tvelding wire very
frequently  got stuck and got welded to the bas¢al however whenspeed
was too highi.e S>45cm/min the bead width was e it was not even

sufficient to fill the v-groove of edge preparedsbanetal.
The two levels selected for each ofttitee variables are shown in table 5.1.

Table 5.1: Welding parameters and their limits

Parameters | Notations Units Level
Low High

(-1) (+1)

Arc voltage | V Volts 21 25

Wire feed | W m/min 2.5 3.7

rate

Welding S cm/min 26 45

speed

The nozzle to plate distance,gas flow rate ,typetoélding gas, filler wire
diameter and filler wire type and all other parasnetwere held constant
through out the experiment . the value of thesarpaters are listed below in
Table 5.2.
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Table 5.2:- parameters held constant through out tb experiment.

Parameters held constant Valuésnits)
Nozzle to plate distance 2.0cm
Filler wire dia 1.2 mm
Filler wire type(code) BFRS6
Shieding gas used 2CO
Gas flow rate(approx.) 1/onin
Polarity DCEP

For the convenience of recording and processingxiperimental data, the upper and
lower levels of the variables were coded as +1 -dndespectively and the coded

values of any intermediate levels can be calculbyedsing the expression,

X — (Xmax + Xmin)
2
(Xmax — Xmin)
2

Where X = required coded value of a variable

Xi:

X = any value of the variable from Xmax to Xmin
Xmax = upper level of the variable
Xmin = lower level of the variable

I = number of parameter

5.4.3Developing the design matrix[10]

Factorial design can be represented in the forrdesign matrix where column and
row correspond to levels of factors and the difiérexperimental runs respectively.
The sign of column of design matrix were selecteduch a way that these are having

certain necessary optimal properties, which arerghbelow:
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5.4.3.a Symmetry related to the centre of the expienent

The algebraic sum of the elements of the columiovesf each parameter should be

equal to zero, or

X1]=0

N
1=1
Where,

I = number of factors
N = number of trials, j=1, 2.....k

5.4.3.b Normalisation

The sum of the squares of the elements of eacimeoihould be equal to number of

trials, or

N
Zxﬁ- =N
i=1

5.4.3.c Orthogonality

The sum of the term by term product of any colunecters of a matrix should be
equal to zero.

N

Xij Xui = O,j/u, u= 0,1,2, ,k

=

1
5.4.3.d Rotability

The points in a design matrix should be so seleittatthe precision of predicting the
values of the optimization parameters is same asledjstances from the centres of
the experiment and does not depend on the direclio® experimental conditions for
2*i.e. designs were given in table.
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Table 5.3:-Design Matrix based on full factorial 10,40]

Serial no. \Y w S
1 -1 -1 -1
2 +1 -1 -1
3 -1 +1 -1
4 +1 +1 -1
5 -1 -1 +1
6 +1 -1 +1
7 -1 1+ +1
8 +1 +1 +1

Salient features of Design Matrix table are:

>

>

Trials indicate the sequence number of run undesideration.
bo represents the mean parameter of the experiment.

b; b,and b; represent the notation used for controlled vargmitethe order
of arc voltage, wire feed rate and welding speesbectively.

The signs +1 and -1 as already indicated refehecupper and lower levels of
that parameter under which they are recorded.
bis, b1z and pzrepresent the notation used for the coefficients@raction

effect between wire feed rate,arc voltage and wgldpeed.
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5.4.4Developing Design Matrix for Calculating the ©efficient

Table 5.4:- Design Matrix for calculating coefficiats (full factorial)

S No. b b1 b2 bs b12 D13 b23
Y w S VW VS WS
1. + -1 -1 -1 +1 +1 +1
2. + +1 -1 -1 -1 -1 +1
3. + -1 +1 -1 -1 +1 -1
4. + +1 +1 -1 +1 -1 -1
5. + -1 -1 +1 +1 -1 -1
6. + +1 -1 +1 -1 +1 -1
7. + -1 +1 +1 -1 -1 +1
8. + +1 +1 +1 +1 +1 +1

Y= bo+bV+b,WA+bsS+b VWb 13V S+HpWS

5.4.5Conducting Experiments as per the design maii

PROCESSES INVOLVED:

The following procedure was adopted while carrymg the experimentation in the
welding lab:

1. Cutting mild steel strip:-The base metal sheets of dimensions 80mm x 50mm x

6mm were cut on power hacksaw machine using keeogem cutting fluid.

2. Job preparation:-As the thickness of the plates is 6mm a double dbge butt
joint of 60 groove angle is required. Edge preparation is donsurface grinding

machine with the help of angle vice which is showthe fig 5.1.
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Fig 5.1:- Angle vice

The pieces were clamped on angle vice and this w&e mounted on surface
grinder in order to prepare double V groove ot @0double V groove was chosen
because by earlier experience it was found that necessary to ensure proper
penetration and sound weld. One major reason tosehdouble v groove was that
it can prevent weld distortion as both sides haetédvbead and the distortion on

upper side is balanced by the lower one. As ilaistt by the figures given below .

Angular distortion in single wvee butt

L X V3

Double vee better than single vee

Y \V4

Single u better than single vee

Fig 5.2:- Edge preparation before welding [9]
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V- angle was kept to 8ecause if it was kept at 9the top portion of the V was left
unfilled in some cases as the bead width is lesaglhigh speed and low current and
if it was kept 48 then it will be too short to assist good weld. Bepth of the groove
was 3 mm .Then these pieces were clamped on dyabémigned fixture and welding
was done with in the given maximum and minimum eanfjarc voltage, wire feed
rate and welding speed, as per the design mathe. féllowing pictures were taken
during welding process . The fixture not only helpe arresting the little possible
weld distortion but also helped to avoid makinghteeld. These welded plates were

then allowed to cool slowly at room temperaturaim

Fig 5.3(A):-welding in progress
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Fig 5.3(b):- Some of the welded plates

After the welding of all plates these were mountedsurface grinding machine to

remove the weld bead reinforcement so that theléesigecimens are in perfect shape
and dimension.

Again the specially designed fixture was used tadythe bead as both sides have
bead and the magnetic surface is not able to dhtichvelded plates due to non flat
surface . The picture below shows how it was done.

Fig 5.4:- Grinding in progress
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Fig 5.5:- Marking the specimens

These plates were then cut on surface grinding meachy parting wheel. The
rectangular specimens thus obtained were mountewilbng machine to get required
dimensions. The notches were made on the shapemnwith radius less than 0.4mm.
The following figure shows the sub size specimehg&iwwere prepared according to
ASTM E8M-04 and ASTM E23-04.

3?%%8
B 4.5 5 3o Ne = il

(A)

(B)

P

2 =7 < =7

(©)
Fig5.6:-The notch tensile specimen(A)the tensile pecimen(B) and Izod

specimen(C)
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Fig 5.8:- Tensile test specimen
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Fig 5.9:- 1zod test specimen(above) and position of strike dfammer[1]
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3. Tensile Testing-Tensile test is then carried out on computer cdietoUTM
machine with a cross head speed of 2mm/min. Theimuar capacity of this
machine was 50KN. However the notch tensile tes eamnducted on a Hydraulic
mechanical UTM machine of 400KN capacity due to sofmitations of

computerised UTM machine.

Fig 5.10:- UTM machine

Table 5.5:- Response table for tensile test

Dimte Tomaly Seeh Yield Strength (MPa) % Elongation (%EL)

No. (MPa)
U U, u Y1 Yz Y Er | E E

1 | 61425 6062 | 61025 | 5292 | 5103 | 519.7 | 19.27 | 2028 | 19.77
2 4783 | 4862 | 48225 | 3329 | 34879 | 34084 | 2075 | 19.27 | 2001
3 [ 46527 | 4397 | 462485 | 3286 | 2884 | 3085 147 | 172 | 1545
4 | 4456 | 4351 | 44065 | 3209 | 3003 | 3106 | 20528 215321028
5 6394 | 6352 | 6372 |373.22| 5348 | 55401 | 12624 | 1322 | 1292
6 | 473.84 | 48501 | 47952 | 3109 | 3250 | 31795 | 2067 | 1987 | 2027
7 610.0 | 590.10 | 60005 | 521.8 | 5019 | 51185 | 1688 | 1748 | 17.18
8 567.2 | 5708 | 36900 | 52825 | 5416 | 534925 | 191 | 205 | 198
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Table 5.6:-response table for notch tensile strength

Notch Tensile Strength (MPa)
S.No.
N1 N2 N

1 648 636 642
2 521 539 530
3 518 502 510
4 488 472 480
5 682 658 670
6 511 529 520
7 640 630 645
8 600 615 607.5

Fig5.11 :-1zod impact testing machine

This machine gave the readings in foot pound sardier to convert it into Sl unit
of joules it should be multiplied by a factor 08358 aslft.lb=1.3558 joules.
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.Table 5.8:-comparison of ultimate tensile strength of notche@nd un-notched

specimen

Table 5.7:-Response table for 1zod impact test

Izod impact strength (joules)

S.No.
El 2 I

1 79.40 72.42 75.91
2 68.00 73.00 70.50
3 69.90 65.70 68.8

4 56.24 52.23 54.23
5 86.05 76.65 82.348
6 59.51 64.51 62.01
7 71.94 66.34 69.14
8 62.98 67.18 65.08

Notch strength ratio

S.No.
_ _ N.S.R
N U —
(N/U)
1 642 610.25 1.052
2 530 482.25 1.099
3 510 462.485 1.103
4 480 440.65 1.089
5 670 637.2 1.051
6 520 479.52 1.084
7 645 600.05 1.074
8 607.5 569.00 1.067
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Table 5.9:-Overall response table for average values

S.no \% W S UT.S Y.S %E N.T.§ Impagt
strength
1 1 1 1 | 610.25| 519.7| 19.77 642  75.91
2 +1 -1 1 482.25| 340.84) 20.01 530 70.50
3 1 +1 1 |462.485 3085 | 1545 510 68.8
4 +1 +1 1 | 44065| 310.6| 21.028 480 | 54.23
5 1 1 +1 637.2 | 554.01 12.97 670 82.348
6 +1 1 +1 | 479.52| 317.95 20.27 520  62.01
7 1 +1 +1 | 600.05| 511.85 17.18 645  69.14
8 +1 +1 +1 | 569.00 | 534.92% 19.8 607.5| 65.08

56



CHAPTER-6
MATHEMATICAL MODELLING

6.1 Introduction

Mathematical models were developed for predicting effect of process
parameters on tensile strength; yield strengthld¥gation, impact strength and notch
tensile strength of GMAW welded mild steel usindl fiactorial technique. The
coefficients of models were determined with thephafl a software MINITAB which
used method of least squares. The adequacy arsigtiiBcance of the coefficients of
the models were tested by the analysis of varigA®8OVA) technique and ‘t’ test

respectively.

6.2 Development of a mathematical model
The response function can be expressed as:

Y =1(V,W,S)

Where, Y= response parameter

V = arc voltage

W = wire feed rate

S = welding speed

The effects caused by changes in the three magegsmarameters and their

interactions can be expresses as:
Y= bo+ bV + boW + b3S + boVWH b13VS + baWS

Where Iy is constant and;bb, bs b;2 b3 bezare co-efficient of the model. These
coefficients as calculated are listed in tablesgibelow for all the five responses viz
tensile strength; yield strength, % elongation,actpstrength and notch tensile
strength.[37]
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6.3 Evaluation of the co-efficient of the model:The values of the co

efficient of the response were calculated usimggession analysis. The calculations

were carried out using MINITAB and the values of toefficient are listed below.

Table 6.1:-coefficients of the models

S.No. coefficients U.T.S Y.S %E N.T.S Impact
strength
1 bo 535 425 18.4 578 68.1
2 by -42.4 -48.7 2.1 -40.3 -5.42
3 b, -17.2 -8.33 0.186 -12.8 -4.06
4 bs 36.3 54.9 -0.835 | 37.5 4.02
5 D12 29.1 55 0.202 25.2 1.02
6 b13 -4.85 -4.5 .844 -4.75 -0.68
7 by3 30.2 52 1.01 32.7 2.34

6.4 Adequacy of the model

The analysis of variance (ANOVA) technique was usedheck the adequacy of the
developed models. As per this technique,

(@) The F-ratio of the developed model was calculated aompared with the
standard tabulated value of F-ratio for a spetéiel of confidence(95%,= .05)

(b) If calculated value of F-ratio does not exceed timulated value(upper critical
value), then with the corresponding confidence gbiliiy the model may be
considered adequate [23]. As shown in figure &.isRUpper critical value of F

ratio.
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Non-rejection region (acceptance region)

Rejection region

Fig6.1:-Rejection and acceptance region when usidgNOVA [41]

For this purpose, the F-ratio of the model ismedi as the ratio of variance adequacy,
also known as residual varianc€d8) to the variance of reproducibility, also known

as variance of optimization parametet (8 Therefore:

2
F _ Sad
model — G2
y

Here
2 N " 2
Sad = i=1(Yi - Y-) /DF
i

Where, N = Number of trials

Yi = third observed value of the response

A

Y. = Predicted / Estimated value of response
1

DF = Degree of freedom = [N — (K +1)], Where K =rNber of independently

controllable variables

Where K= Number of independently controllable viales.
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N

S5 =2 ) (Yig = Y)*/N

i=1
Where
Yiq = One of the observed value of the two responses
Y; = Average value of the two response

N = No. of trials
6.5 Significance of the coefficients

The values of the regression co-efficient give @eaias to what extent the control
variables affect the responses quantitativelys &vident that those of the co-efficient,
which are not significant, can be eliminated, alentlp the responses with which they
are associated, without sacrificing much of accyrathereby reducing the
mathematical labor. To enable this, the studengsttis used. As per this test,

a) The calculated value of t corresponding to a coeffit is compared with the
standard tabulated value of specific level of phlilitg. Here the standard
tabulated value of tis 2.3 at 8, 0.05.

b) If the calculated value of t exceeds the tabulatee, then with the corresponding

confidence probability the co-efficient is saidd® significant.
For this purpose the value of t is given by

_Ibi

t =
Sbj

Where | bj | represents the absolute value of co-efficient wrggnificance is being

tested, and spthe standard deviation of co-efficient given by

S Variance of optimization parameter (53) N
by Number of trials (N) N
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The calculation of §, Sagand $; are shown in separate Tables for each response.

When the significant co-efficieneanown, the model is redeveloped by
using these values. The model so developed izedilto determine the values of
response parameter for each given set of weldinghlas and the data so produced

are represented graphically.

6.6 Calculation of variance of optimization paramegrs (Sy)

Table 6.2:- Variance of optimization for ultimate tensile strength

S.No. U U, U=(U+Ux)/2| U-U, | (U-1U,)?2
1 614.25 606.2 610.25 4.05 16.4025
2 478.3 486.2 482.25 -3.95 15.6025
3 465.27 459.7 462.485 | 2.785 7.7560
4 445.6 435.1 440.65 5.55 30.8025
5 639.4 635.2 637.2 2.01 4.0401
6 473.84 485.01 479.52 -5.49 30.1401
7 610.0 590.10 600.05 9.95 99.002
8 567.2 570.8 569.00 -1.8 3.24

Z(ﬁ _U,)?| 206.98
Sy | 51.745
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Table 6.3:- Variance of optimization for yield strangth

S.No. YS YS: | YS=(YS1+YS)/2 | YS—YS, | (¥S-YS,)?
1 529.2 510.3 519.7 9.4 88.36
2 332.9 348.79 340.84 -7.94 63.04
3 328.6 288.4 308.5 20.1 404.01
4 320.9 300.3 310.6 10.3 106.09
5 573.22 534.8 554.01 19.21 369.02
6 310.9 325.0 317.95 -7.05 49.70
7 521.8 501.9 511.85 9.95 99.00
8 528.25 541.6 534.925 -6.675 44.55
Z(ﬁ— YS,)? | 1223.78
Sy| 305.8
Table 6.4: Variance of optimization for % Elongaton
S.No. 5 B | B=EE)2 | E-E | (B-Ey)
1 19.27 20.28 19.77 0.5 25
2 20.75 19.27 20.01 0.25 063
3 14.7 17.2 15.45 1.75 3.06
4 20.528 21.53 21.028 502 252
5 12.624 13.22 12.92 0.3 09
6 20.67 19.87 20.27 0.4 16
7 16.88 17.48 17.18 0.3 09
8 19.1 20.5 19.8 0.7 49
Z(E —E)?| 4.452
Sy | 1.113
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Table 6.5: Variance of optimization for Notch tende strength

S.No. N N, N N-No | (N-Np?
1 648 636 642 6 36
2 521 539 530 -9 81
3 518 502 510 8 64
4 488 472 480 8 64
5 682 658 670 12 144
6 511 529 520 -9 81
7 640 630 645 +15 225
8 600 615 607.5 75 56.25
Z(N — N2)?| 751.25
Sy| 187.81
Table 6.6: Variance of optimization for impact strength
S.No. b I I Il (I-12)?
1 79.40 72.42 75.91 3.488 12.166
2 68.00 73.00 70.50 25 6.25
3 69.90 65.70 68.8 3.1 9.61
4 56.24 52.23 54.23 2.0 4.0
5 86.05 76.65 82.348 5.7 32 49
6 59.51 64.51 62.01 25 6.25
7 71.94 66.34 69.14 281 7.8961
8 62.98 67.18 65.08 21 4.41
Z(f ~12)2| 83.072
Sy | 20.768
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6.7 Calculation of variance of adequacy factor (ad)

Table 6.7: Variance of adequacy for ultimate ten& strength

S. No. Wosd Uest AU = (Ugps — Uegr) AU?
1 610.25 612.7 -2.45 6.01
2 482.25 469.75 12.5 156.25
3 462.485 459.75 2.735 7.48
4 440.65 442 .85 -2.85 8.12
5 637.2 634.66 2.55 6.50
6 479.52 482.8 -3.28 10.76
7 600.05 602.45 2.4 5.76
8 569.00 566.15 2.85 8.12
> au?| 20899
S’ad 52.33
Table 6.8: Variance of adequacy for yield strength
S. No. Y Sbsd Y Sest YS = (YSqpt — YSes AYS?
1 519.7 529.61 -9.91 98.208
2 340.84 331.25 9.59 91.968
3 308.5 298.17 10.4 108.16
4 310.6 320.57 -9.97 99.4
5 554.01 543.13 11.01 121.22
6 317.95 329.03 -11.08 122.76
7 511.85 521.77 -9.92 98.40
8 534.925 525.37 9.55 91.20
Z AYS? | 831.33
S’ad 207.85
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Table 6.9: Variance of adequacy for %Elongation

S. No. Bobsd Eest AE = (Egps — Eegt) AE?
1 19.77
18.605 1.165 1.357
) 20.01
21.113 11.103 1.216
2 15.45
16.553 111 1.232
. 21.028
19.87 1.158 1.340
c 12.92
14.027 11.103 1.216
6 20.27
19.11 1.159 1.343
. 17.18
16.015 1.165 1.357
. 19.8
21.907 11,107 1.225
Z AE? 10.289
Sfad 2.57
Table 6.10: Variance of adequacy for Notch tensilstrength
S' NO I\J)bSd Nest AN = (Nobs - Nest) ANZ
1 642 646.95 4.95 24.50
2 530 525.25 4.75 22.56
3 510 506.55 3.45 11.90
4 480 485 -5.00 25
5 670 665.65 4.35 18.92
6 520 525.15 4.85 23.52
7 645 655.8 10.8 116.64
8 607.5 615.35 7.85 61.62
Z AE? | 304.675
Sfad 76.168
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Table 6.11:- Variance of adequacy for Impact strenidp

S. No. l)bsd | est Al = (Iops — Iest) AIZ
! 75.91 78.93 3.02 9.12
2 70-50 67.51 2.99 8.94
3 68.8 64.71 4.09 16.72
4 o4.23 57.27 3.04 9.24
S 82348 78.27 4.078 16.68
6 62.01 64.03 2.02 4.08
! 69.14 72.07 2.92 8.52
8 65.08 62.01 3.07 9.42
Z AI? 82.69
Sfad 20.67
Table 6.12: Analysis of variance
Varinceof | Standard | Vodel
Degree of . Varanceof |  Frao | Fratio from
opfimizafion | deviation of whether
StNo. | Paramefer |  freedom adequacy | (model) | fablesat
parameter | coefficients ) o adequate
. ) Yal | FeSadSy | (45005
Sy | Sad $y Si
| UT§ g 4 SL4 14 AL 101 38 15
] Y$ g 4 303,94 6.7 07 067 38 15
3 " g | 4 1113 i3 237 231 38 1B
{ | § 1 4 20768 116 06 101 38 1ES
] NTS § | 4 18775 969 162 4 38 YES
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6.8 t-test for significant coefficient

Table 6.13: t-values for coefficients of model

t= b;/S; (for responses)
Coefficient
S.No.

(bij) U.TS Y.S %E N.T.S
1 be 210.63 68.88 57.5 58.7 59.65
2 by 16.7 7.89 6.56 46.72 4.158
3 b, 6.77 1.35 .58 3.5 1.32
4 bs 14.29 8.897 2.61 3.46 3.87
5 by 11.456 8.91 .63 .63 2.6
6 by 1.9 0.73 2.64 0.87 0.49
7 bs 11.88 8.427 3.156 2.34 3.4
Table 6.14: Significant coefficients after t-test bmodel
S.No. coefficients U.T.S Y.S %E N.T.S Impact

strength

1 oy 535 425 184 578 68.1
2 b, -42.4 -48.7 2.1 -40.3 -5.42
3 b, -17.2 - - - -4.06
4 bs 36.3 54.9 -0.835 37.5 4.02
5 bi» 29.1 55 - 25.2 -
6 b3 - - .844 - -
7 b3 30.2 52 1.01 32.7 2.34
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6.9 Proposed mathematical models

Neglecting the higher order interactions as peaalts of coefficients, the proposed
models for predicting mechanical properties areegibelow. These models give
values close to the observed values however sorte @oefficients were eliminate
in t test so as to reduce the mathematical calonlatithout affecting much of the

accuracy.

a)Ultimate Tensile Strength (UTS):

UTS =535-42.4V - 17.2W + 36.3S + 29.1VW + 30.2WS

b)Yield Strength (YS):

YS =425 -48.7V + 54.9S + 55VW + 52WS

c)Elongation (%E):

%E =18.4 + 2.1V - 0.8S + 0.84VS + 1.01WS

d)YImpact strength(1):-

| =68.1-5.42V - 4.06W + 4.04S + 2.34WS

e)Notch tensile strength:-

N.T.S = 578 - 40.3V + 37.3S + 25.2VW + 32.7WS
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Chapter-7
RESULTS & DISCUSSION

7.1 Main and interaction effects of process paramets on UTS:-
Ultimate tensile strength (UTS) decreased from 532Pa to 517.97Mpa on going
from low level to high level of wire feed rate dsown in fig.7.1. UTS increases from
498.827Mpa to 571.44 Mpa when speed increaseslranto high level as shown in
fig 7.2. UTS decreases from 577.51 Mpa to 492.756Msp voltage increases from
low level to high level as shown in fig 7.3. The &6 directly affected by heat input .
It increases with decreases in heat input thabisage and current increase the heat
input while speed decreases the heat input andtieus TS increases with speed and
decreases with increase in a voltage and wire riaedcurrent).

The interaction effects are shown in fig. 7.4 algd/A5.The two lines for the
low level and high level are not parallel whichalg shows that there is interaction
effect. Fig7.4 clearly shows that when voltage imimum UTS decreases from
623.76MPa to 531.26Mpa with increase in wire featk rhowever at maximum
voltage input UTS increases from 480.837MPa to ®BMPa. Fig 7.5 shows that
UTS slowly increases with the welding speed frons.28MPa to 558.36MPa when
wire feed rate was at minimum. But it increasessiitally with speed, from
451.418MPa to 584.53MPa , when wire feed rate wasaaimum value.

Main Effects Plot for uts
Data Means

555 1
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540 o

535

Mean
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525 A

520

Fig 7.1:- Main effect plot between U.T.S and wireded rate (W)
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Fig7.2:- Main effects plot between U.T.S and weldmspeed(S).
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Fig 7.3:- Main effects plot between U.T.S and arcoltage(V)
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Fig 7.4:-Interaction effects of voltage and wire fed rate on U.T.S
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Fig 7.5:-Interaction effects of welding speed and e feed rate on U.T.S
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7.2 Main and interaction effects of process paramets on Y.S:

The yield strength (Y.S) decreased from 473.53MPa76.079Mpa on going from
low level to high level of arc voltage as shownfig.7.6. Y.S increases from
369.92Mpa to 479.684 Mpa when speed increases loamlevel to high level as
shown in fig 7.7. Y.S is affected by heat inputhaat input increases it decreases as
voltage increases heat input increases and thude¢&ases while it increases with
increase with speed.

The interaction effects of wire feed rate, arc aglt and welding speed are
shown in fig. 7.8 and fig 7.9 .The two lines foetlow level and high level are not
parallel which clearly shows that there is intei@acteffect. Two parallel lines in an
interaction effect plot show no interaction betwéle® parameters. Fig 7.8 shows that
yield strength increases slightly from 430.3MPa485.98MPa with welding speed
when wire feed rate is minimum while it increaseastically ,from 309.55MPa to
523.4MPa , when wire feed rate is maximum. Fig $h®ws that yield strength
decreased with increase in wire feed rate , fro.&VIiPa to 410MPa, when arc
voltage was minimum, however it increased from 32MPa to 422.762MPa when

voltage was at maximum level.
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Fig 7.6:-Main effect of arc voltage on Y.S
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Main Effects Plot for y.s
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Fig 7.7:-Main effect of welding speed on Y.S
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Fig 7.8 Interaction effects of welding speed andive feed rate on Y.S
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Interaction Plot for y.s
Data Means
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Fig 7.9 Interaction effects of welding speed andirve feed rate on Y.S

7.3 Main and interaction effects of process paramets on %

Elongation:-Unlike the ultimate tensile strength and vyield st , the %
elongation of the welded materials increased frén331% to 20.53% on going from
low level to high level of arc voltage as shownfilm7.10. % elongation decreases
from 19.063% to 17.79 when speed increases frawmldwel to high level as shown
in fig 7.11.The reason being that with increaseh@at input elongation properties
increases. As voltage increases heat input incseas@ thus the elongation increases
with voltage and decreases with increase in speed.

The intdian effects of wire feed rate, arc voltage and
welding speed are shown in fig. 7.12 and fig 718 fig 7.12 clearly shows that %
elongation decreases with speed ,from 17.61 tob1\wtEn arc voltage was minimum
while it remained almost constant when voltage wasximum. The figure 7.13
depicts that Y.S decreased drastically with spdeaim 19.88 to 16.6 , when wire feed
rate was minimum however it increased very slighibyn 18.24 to 18.99 when wire

feed rate was at maximum level.
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Main Effects Plot for %E
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Fig 7.10:-Main effect of arc voltage on %Elongatia
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Fig 7.11:-Main effect of welding speed on %Elongain
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Interaction Plot for %E
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Fig7.12:- Interaction effects of welding speed andrc voltage on % elongation
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Fig7.13:- Interaction effects of speed and wire &l rate on % elongation
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7.4 Main and interaction effects of process paramets on Impact
strength

Impact strength decreased from 72.2 joules to&Gh0les on going from low level to
high level of wire feed rate as shown in fig.7.f@phct strength increases from 67.1J
to 69.4J when speed increases from low level th kegel as shown in fig 7.15. It
decreases from 73.55J to 62.7J as arc voltageases from low level to high level as
shown in fig 7.16. Impact properties decrease witliease in heat input thus when
voltage ,wire feed rate(current) increases it deswe however it increases with
increase in welding speed as heat input decreatiesarease in welding speed.

The interaction effects of wire feed rate, arc agé and welding speed are
shown in fig. 7.17.The two lines for the low lewsld high level are not parallel which
clearly shows that there is interaction effect.7F1g clearly shows that when wire
feed rate is at minimum level , impact strengthrdases from 73.2J to 71.18J ,with

increase in speed. However it increases with spdwoh wire feed rate is at maximum

level.
Main Effects Plot for impact strength
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Fig 7.14:- Main effect of wire feed rate on impacstrength
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Main Effects Plot for impact strength
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Fig7.15:- Main effect of welding speed on impact strength
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Interaction Plot for impact strength
Data Means
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Fig7.17:-Interaction effects of speed and wireekd rate on impact strength

7.5 Main and interaction effects of process paramets on notch

tensile strength. Notch tensile strength (NTS) decreased from 618M@a
537.5Mpa on going from low level to high level atasoltage as shown in fig.7.18.
NTS increases from 540.5Mpa to 615.44 Mpa whendpezeases from low level to
high level as shown in fig 7.19. Notch tensileesgth follows same trend as UTS . it
increases with decrease in heat input so it deeseagh increase in voltage and wire
feed rate(current) and increases with increaspeed

The interaction effects of wire feed rate, arc agé and welding speed are
shown in fig. 7.20 and fig 7.21.The two lines fbetlow level and high level are not
parallel which clearly shows that there is intei@ceffect. Fig7.20 clearly shows that
when wire feed rate is minimum NTS increases froBo6MPa to 495Mpa with
increase in welding speed however at maximum Veiegel rate NTS increases from
495MPa to 635MPa. The Fig 7.21 shows that NTS dseewith the wire feed rate,
from 656MPa to 580MPa when voltage was at minimBut. it increases with wire

feed rate, from 525MPa to 550MPa , when arc voltage maximum value.
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Fig 7.18:-Main effect of arc voltage on N.T.S
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Fig 7.19:-Main effect of welding speed on N.T.S
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Interaction Plot for nts
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Fig7.20:- interaction effect of wire feed rateand welding speed on N.T.S
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Fig7.21:- interaction effects of wire feed rate andrc voltage on N.T.S

81




7.6 Scatter Diagram:-The validity of mathematical models developed can b
further checked by drawing scatter diagrams. Scditgrams for ultimate tensile
strength, yield strength, % elongation, impactrgjtk and notch tensile strength
were shown in fig 7.22 to fig 7.26 respectively eldbserved values and estimated
values of the responses are scattered close’tindSndicating an almost perfect fit

of the model developed.
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Fig 7.22:- Scatter diagram for U.T.S
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Scatter diagram for Y.5
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Fig7.23 Scatter diagram for Y.S
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Fig7.24 :-Scatter diagram for impact strength
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Fig7.25:-Scatter diagram for %Elongation
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CHAPTER-8
CONCLUSION & FUTURE SCOPE

8.1 Conclusion

The effects of welding process parameters on mecilgroperties using GMAW

process have been studied and the following coimeiasnay be drawn from this

analysis:

>

Mathematical models have been developed to prétkcimechanical behavior
of Gas metal arc welded mild steel incorporatingmaend interaction effects.
The developed models can be effectively used taligirehe mechanical
behaviour within the range of parameters considered

Ultimate tensile strength (UTS) decreases withdase in voltage and wire
feed rate while it increases with increase in wejdpeed.

Yield strength decreases with increase in voltadelewit increases with
increase in welding speed.

Elongation increases with increase in wire fee@ sahile it decreases with
increase in speed

Notch tensile strength increases with increaseefdiwg speed but decreases
with increase in arc voltage .

Impact strength increases with increase in weldipged but decreases with
increase in wire feed rate and arc voltage.

The notch strength of welded specimen was found emtiran their
corresponding ultimate tensile strength i.e notobngth ratio was greater than
one depicting that they are insensitive to notc #re specimen are notch
ductile. The notch strength ratio of welded metabwlways less than the NSR
of base metal.

Interaction effects have considerable influencer ke mechanical properties

and their effects cannot be neglected.

All the relationships are linear in nature and ¢eneffectively utilized for

optimizing the conditions.
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8.2 Scope for future work

In this study, process parameters selected werevatage, wire feed rate and
welding speed. Effects of process parameters amatk tensile strength, notch
tensile strength impact strength ,yield strengtld & elongation were studied.
However for a detailed and indepth reasoning effaft process parameters on
micro-hardness and microstructure can be studibed.study can further be carried
out by adding process parameters such as nozplat®distance, gas flow rate and
types of shielding gases used. The study can &dodused on fracture analysis of
specimens.
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